Sommerfeld Screening Parameters for K-state of the Atoms by Soni, S N & Shahlot, S
ludum J. I'hys  7 5 B  ( 5 ) ,  4 6 9 - 4 7 1  ( 2 0 0 1 ) NOTE
U P  ®
iU) inlemation.'il journal
Sommerfeld screening parameters for A^ -state of the atoms
S  N  S o n i  ;in d  S  S h a l i lo t *
Department of Ph>sics, J  N V University, Jodhpur-t42 0 0 Raiasthan 
L-rnail sns phv(r;'yahoo com in
Received ? March yiOJ. accepted May
Vlistmit Hie acceplahic range of values of the Sommerfeld screening eonsUml rxi, applicable lor A-slatc useful in X-rav spectra, hits been
csliinalcd bv using the first ionisation potential of helium, the measured energies of Aa hvpersalellile.s and the available values ol cr^  valid for other 
Miigly ionised stales of atoms Using this range ol values of rr^  the constant rr, has been calculated foi singly ionised A'-state of the atoms with 
10 to 100 The acceptability of these calculated values ha.s been indiLaled by their vaiiation with /
kry words Sommerfeld scieenmg constants, A-slate of atoms
i w r s  Nos. .^2 :U) RJ and 7S 70 Rn
S o m m e r fe ld  [ 1 .2 |  h a d  m l r o d i i c c d  t w o  p a r a m e t e r s  a i  a n d  o s ,  
lo m c o r p o r a lc  th e  e f f e c t  o f  o r b i t in g  e l e c t r o n s  o n  t h e  n u c le a r  
e lu r g e ,  a s  lO b scn ^ cd  b y  a n y  e le c t r o n  in  th e  a t o m . W h e r e a s  
I w a s  s u p p o s e d  lo  r e p r e s e n t  th e  .s c r e e n in g  o f  n u c l e a r  c h a r g e  
In a l l  th e  e l e c t r o n s  o t h e r  th a n  th e  o b s e r v e r  e l e c t r o n ,  ru is  
s u p p o s e d  lo  d e n o t e  th e  s c r e e n i n g  b y  th e  e le c t r o n s  l y i n g  in n e r  
In th e  o b s c n ^ c r  e l e c t r o n  in  th e  a t o m  N o t a b le  p u b l i c a t io n s  
fL 'p o r lin g  th e  v a l u e s  o f  t h e s e  c o n s t a n t s  a r c  a v a i l a b l e  in  
liiL T a tu rc  1 1 - 5 | .  In  t h e s e  p a p e r s ,  t h e v a l u c s o f  a\ a n d  o s  h a v e  
been r e p o r t e d  a s  a p p l i c a b l e  f o r  o b s e r v e r  e l e c t r o n  l y i n g  in  a n y  
s i ib s h c ll  o t h e r  t h a n  A '- s h c l l  In  th e  p r e s e n t  s tu d y , a n  e lT o rt 
b as b e e n  m a d e  to  e s t i m a t e  t h e  v a l u e s  o f  cti a n d  ct7 a p p l i c a b l e  
lot / c -s ta te  o f  th e  a t o m , u s e f u l  in  X - r a y  s p e c t r a
 ^ niculation o f Oj .
H ic c o n s t a n t  ct: v a l i d  f o r  A J-s ta te , a s  m e n t io n e d  a b o v e , 
d e n o te s  th e  n u c l e a r  s c r e e n i n g  b y  e le c t r o n s  in n e r  to  ^ J- s h e ll .  
T l io u g h  t h e r e  i s  n o  s u c h  e le c t r o n  p r e s e n t  in  th e  a t o m , y e t  a n  
e le c t ro n  i n  A '- s h e l l  r e d u c e s  th e  b i n d in g  e n e r g y  o f  o t h e r  
e le c t r o n s  in  A ’ - s h e l l ,  tis c a n  b e  o b s e r v e d  b y  th e  f i r s t  io n is a t io n  
p o te n t ia l  o f  H e - a t o m . T h e  e f f e c t  s o  o b s e r v e d  c a n  b e  r e la te d  
lo Ih c  to ta l  s c r e e n i n g  c o n s t a n t  tj] f o r  H c - a t o m .
In  e a r l i e r  p a p e r s ,  it  h a s  b e e n  r e p o r t e d  th a t  0 2  i s  a  c o n s ta n t  
^or a  p a r t i c u l a r  s u b s h e l l  f o r  a l l  th e  a t o m s  o f  th e  p e r io d ic  
t ib ic  T h e  v a l u e  o f  cji f o r  h e l iu m  A '- s t a t c  c a n  b e  t a k e n  a s  a
C‘'ne.sponding Author
r o u g h  e s t im a t io n  fo r  a : ,  v a l id  f o r  A '- s h e l l  in  h i g h e r  a t o m s  
T h i s  v a l u e  h a s  b e e n  c a lc u la t e d  a s  f o l l o w s .
A c c o r d i n g  to  B o h r 's  th e o ry  , t h e  b i n d in g  e n e r g y  o f  a n  
e le c t r o n  in  n - th  o r b it  in  h y d r o g e n  a t o m  i s  g i v e n  b y
A ( 1 )
F o r  H c - a t o m , th e  f i r s t  a n d  s e c o n d  io n i s a t io n  p o t e n t ia l s  a r e  
2 4 .6  a n d  5 4 .4  e V  16 |  r e s p e c t iv e ly
T h i s  i n d ic a t e s  th a t  th e  A - s t a t c  b i n d in g  e n e r g y  in  H e*  io n  
c a n  b e  g i v e n  b y  th e  f o r m u la  ( 1 ) ,  w h i l e  f o r  H e  a t o m , i t  s h o u ld  
b e  w r it t e n  a s
E  = 2m(Z-CT)^e'^IOrh-). ( 2 )
U s i n g  th e  a b o v e  v a l u e s  o f  i o n i s a t io n  p o t e n t i a l ,  t h e s e  
e x p r e s s i o n s  g i v e  a  v a l u e  o f  a  a s  0  6 6
G o k h a l c  a n d  M i s r a  |5 ]  h a v e  r e p o r t e d  t h e  v a l u e s  o f  0 2  f o r  
A i - s t a t c  a s  2 . 5 2 .  N i g a m  a n d  S o n i  ( 7 )  h a v e  r e p o r t e d  th e  
e n e r g i e s  o f  KL  s t a t e s  o f  a t o m s . T h e s e  v a l u e s  a r c  v e r y  n e a r l y  
g i v e n  b y
A \ ( A L )  =  A V ( A ) 4  ( 3 )
w h e r e  A \ ( A 1  a n d  i (A )  a r c  e n e r g i e s  o f  A - s t a t e  o f  Z - a t o m  
a n d  o f  A - s t a t e  o f  Z  4  | a t o m  r e s p e c t i v e ly .  T h u s ,  I h c  v a l u e  
o f  0 2  a s  2 . 5 2  fo r  L\ s ta te  c a n  b e  b r o k e n  u p  in t o  t w o  p a r t s .  
T h e  i n t e g r a l  m u n b e r  2  c a n  b e  a s s i g n e d  lo  s c r e e n i n g  b y  t w o  
A - e le c t r o n s  a n d  th e  a d d i t io n a l  v a l u e  0 . 5 2  c a n  b e  c o n s id e r e d
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a s  a  c o n t r ib u t io n  o f  o t h e r  e le c t r o n  p re s e n t  in 2s s u b s h c l l  an d  
o f  e l e c t r o n s  o u te r  to  th e  o b s e r v e r  e le c t r o n .
L o o k in i ;  a t th e  v a l u e s  o f  n s  f o r  v a r io u s  s u b s h e l ls  o f a t o m s  
p r e s e n t e d  b y  C io k h a le  a n d  M is r a  [ 5 | ,  it is  o b s e r v e d  th at th e  
c o n t r ib u t io n  o f  e a c h  in n e r  e le c t r o n  v e r y  s lo w ly  d e c r e a s e s  a s  
m o r e  a n d  m o r e  e le c t r o n s  a r e  a d d e d  in th e  a to m . It th e r e fo r e ,  
a p p e a r s  th a t th e  v a l u e  o f  ctt fo r  A '-s ta te  in a t o m s  w ith  
/  2 s h o u ld  b e  le s s  th a n  0  6 6 . I 'h e  a c c e p t a b le  v a lu e  o f  o s
h a s  b e e n  c a lc u la t e d  a s  d e s c r ib e d  b e lo w .
S o n :  a n d  A b A b a i i i e  | 8 1  h a v e  r e p o r te d  th e  c o n tr ib u t io n  
o f  a n  in d iv id u a l  e le c t r o n  to  n u c le a r  s c r e e n in g  a s  o b s e r v e d  
b y  a n y  o t h e r  e le c t r o n  in th e  s a m e  s i ib s h e l l  o l  lh e  a to m  T h e  
v a l u e  fo r  l.s s u b s h e l l  d o e s  n o t fo r m  a  p a rt  o f  th is  r e p o r t , b u t 
f o r  a l l  o t h e r  s u b s h e l l s ,  th is  v a lu e  h a s  b e e n  fo u n d  to  b e  n e a r ly  
0 . 3 .  In th e  p r e s e n t  s t u d y , s u c h  a  v a lu e  fo r  l.v e le c t r o n  h a s  
b e e n  c a lc u la t e d  b y  th e  s a m e  m e th o d  a s  u s e d  e a r l ie r  [ 8 ]. F o r  
th e s e  c a lc u la t i o n s ,  th e  e n e r g y  o f  th e  t w o - h o le ,  n a m e ly  
s la t e  o f  a t o m  h a v e  b e e n  u s e d , w h ic h  h a v e  b e e n  c a lc u la t e d  
b y  th e  c o m b in a t io n  I’o r m u la
/MA-) (4)
In  t h e s e  f o r m u l a s ,  A '( A r / 7^') d e n o t e s  th e  e n e r g y  o l '  
h y p e r s a l e  Mite AT/V' a n d  E{K-) a n d  E {K ii^ P \ )  d e n o t e  th e 
e n e r g ie s  o f  d o u b ly  io n is e d  s la t e s  o f a t o m s  m e n t io n e d  in th e  
b r a c e s .  v a l u e s  o f  A ( A 'A : '/ ’ |) h a v e  b e e n  ta k e n  f r o m  th e  
r e p o r t  b y  N ig a m  a n d  S o n i  | 7 |  a n d  m e a s u r e d  v a lu e s  o f  
A (A r i 'V ')  h a v e  b e e n  ta k e n  fr o m  th e  la te s t  r e p o r t s  p u b l i s h e d  
b y  K e s k i - R a h k o n e n  a n d  h is  c o w o r k e r s  [ 9 - 1 1 ] .  In  th e s e  
p a p e r s ,  th e  s p e c t r a  r e p o r t e d  w e r e  m e a s u r e d  b y  io n o m e tr ic  
m e t h o d s  a n d  h e n c e  a r e  m o s t  r e l i a b le .  T h o u g h  th e to ta l 
n u m b e r  o f  e l e m e n t s  i n v o lv e d  in th e s e  p a p e r s  [9  - 1 1 ]  is  v e r y  
s m a ll  ( o n ly  s e v e n ) ,  y e t  th e  v a lu e  o f  a s  o b t a in e d  fo r  a l l  th e s e  
e le m e n t s  is  v e r y  n e a r ly  s a m e  a n d  its a v e r a g e  h a s  b e e n  ta k e n  
a s  an  a c c e p t a b le  m in im u m  v a lu e  o f  a s  f o r  a l l  th e  e le m e n ts  
o f  th e  p e r io d ic  t a b le .  T h e  v a lu e  o f  th e  c o n tr ib u t io n  to  g \ b y  
a n  e l e c t r o n  o f  A - s h e l l  a s  o b s e r v e d  b y  o t h e r  A - e le c t r o n s ,  s o  
c a lc u la t e d  lo r  th e s e  a t o m s , is  fo u n d  to  b e  0 .2 8 .
T h is  v a l u e  is  in  a g r e e m e n t  w ith  th e  n u m b e r  m e n t io n e d  
in  th e  f o r e g o i n g  d i s c u s s i o n ,  a n d  c a n  b e  ta k e n  a s  a  f i r s t  
a p p r o .x im a t io n  o f  m in im u m  v a l u e  o f  a 2 fo r  A '- s h e ll ,  v a l id  fo r  
a l l  Z
C o n s id e r i n g  th e  l.v a n d  2.v s u b s h e l l s  to  b e  th e  n e a r e s t  
n e ig h b o u r s ,  th e  v a l u e  0 . 5 2  a t t r ib u t e d  to  th e  c o n t r ib u t io n s  o f  
a  2s e l e c t r o n  a n d  a l l  o u t e r  e l e c t r o n s ,  to  th e  s c r e e n in g  e f f e c t  
f o r  L[ s ta te , c a n  b e  ta k e n  a s  u p p e r  l im it  f o r  K  s h e l l  a l s o .  In 
d o in g  s o ,  w c  h a v e  ig n o r e d  th e  f a c t  th at w h i le  c a lc u la t in g  a 2 
fo r  L\ s ta te , th e r e  is  o n l y  o n e  e le c t r o n  p r e s e n t  in 2 .v s u b s h e l l ,  
w h e r e a s  th e re  a r e  t w o  e le c t r o n s  p r e s e n t  in th is  s u b s h e l l  w h e n  
w c  c a lc u la t e  C7i f o r  A '-s ta te .
Calculation of a /  ■
T h e  e n e r g y  o f  a  s i n g l y  io n is e d  s ta te  o f  a n  a t o m  is r e p r e s e n te d  
b y  th e  c l o s e d  f o r m u l a  |4 5 ]  .
(v //? ) =  ( Z  - CT\)^ ln- - ( Z  -  <j2yIn^
+ 2/«-’ fl (1 • a h Z - ( T 2 ) V [ n -  (/ . 1/2)
+  [,/ 4  1 / 2 ) = -  a = ( Z  -  o - ,)= ] ''= }2 )-> / 3 ] . ( 5 )
In th is  e x p r e s s i o n ,  a  is  f in e  .s tru c tu re  c o n s ta n t ,  Z  is  th e  atom ic 
n u m b e r  n is  p r in c ip a l  q u a n tu m  n u m b e r  a n d  / is  th e  total 
q u a n tu m  n u m b e r . A s s u m i n g  a 2 a s  0 . 2 8 ,  w e  h a v e  c a lc u la te d  
(j\ f o r  a l l  th e  a t o m s  in A - s t a t e .  T h e  e n e r g i e s  o f  A -s ta te  have 
b e e n  ta k e n  f r o m  th e  T a b le s  o f  B e a r d e n  a n d  B u r r  [ 1 2 ] ,  and 
t a k in g  a=  7 . 2 9 7 3 5 1  < 1 0 ^  T h e  r e s u l t s  a r e  sh o w n  m 
T a b le  1 .
T o  e .s tim a te  th e  e f f e c t  o f  a n y  c h a n g e  in a c c e p t e d  value 
o f  a 2  o n  a j ,  w e  h a v e  c a lc u la t e d  c t \ b y  t a k in g  a 2  a s  0 .5 2  a lso  
It is  n o te d  th a t  s u c h  a  v a s t  r a n g e  o f  a :  p r o d u c e s  a  very sm all 
c h a n g e  in th e  v a l u e s  o f  a\ a s  c a n  b e  s e e n  f r o m  T a b le  I, it 
t h e r e fo r e ,  c a n  b e  c o n c lu d e d  th a t  th e  v a l u e s  o f  a i  a s  g iven  
in  c o lu m n  2  o f  T a b le  1 ,  in d ic a te  f a r c l y  w e l l  th e  sc re en in g  
e f f e c t  o f  n u c le a r  c h a r g e  b y  a t o m ic  e le c t r o n s  o t h e r  th an  one \ 
e le c t r o n  in  A - s h c l l .
table 1. Values of n\ m A'-shell for different values ol 02
7 (02 -  0 2 K) (r r :-  0 52)
10 2 02 2 02
12 2 23 2 23
14 2 40 2 40
16 2 .56 2 56
IK 2 71 271
20 2 K5 2 85
22 2 09 2 99
24 3 14 3 14
26 3 29 3 29
28 3 44 3 43
30 3 58 3 58
32 3 70 3 70
34 3 82 3 HI
36 3 93 3 92
38 404 4 03
40 4 14 % 13
42 4 25 4,24
44 4.36 _4 35
46 4 47 4 46
48 4,57 4 56
50 4.67 4 65
52 4 77 4 75
54 4.85 4 83
56 4.95 4 92
58 5 04 5 02
60 5 15 5 12
62 5 26 5 22
64 5 36 5 36
66 5 47 5 43
68 5 58 5.54
70 5 69 5 65
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□  {02 ^ 0.28) ■ (CT2 -  0.52)
Z
liKiin* I. The variation of Sommerfeld screening parameter fT|, for Af-shdl 
as A I unction of atomic number
In  F ig u r e  I ,  th e  v a r ia t io n  in cr\ w it h  Z  h a s  b e e n  s h o w n . 
T h e  c u r v e  is  v e r y  n e a r ly  a  s t r a ig h t  l in e  w ith  a  p o s i t i v e  s lo p e  
e q u a l  to  0 .0 5 3 .  S u c h  c u r v e s  f o r  L\, M\ a n d  A i^ s t a t e s  h a v e  
b e e n  p r e s e n te d  b y  G o k h a l e  a n d  M i s r a  [ 4 , 5 J ,  in  w h ic h  th e  
s lo p e s  a r e  in c r e a s in g  a s  w e  g o  a w a y  f r o m  th e  n u c le u s .  W e 
o b s e r v e  [ 4 , 5 ]  th a t th e  c u r v e s  f o r  / .] , M\ a r e  n e a r l y  s t r a ig h t  
l in e s  w ith  s lo p e s  e q u a l  to  0 . 1 8  a n d  0 . 3 5  r e s p e c t i v e ly ,  b u t th e  
c u r v e  f o r  A i^ h a s  s t i l l  h ig h e r  s lo p e  a n d  d e p ic t s  th e  e f f e c t  o f  
f i l l i n g  th e  d ox f  s u b s h e l l  in  t r a n s it io n  e le m e n t s .  A s  th e  
p r e s e n t  v a lu e  o f  s lo p e  o f  cti in  A ’- s h e l l ,  is  lo w e r  th a n  th a t 
lo r  L\ c u r v e  a n d  a l s o  th e  s t r a ig h t  l in e  is  s m o o t h e r  th a n  th is  
c u r v e ,  th e  r a n g e  o f  v a l u e s  o f  ct| p r e s e n t e d  in  th is  s t u d y  c a n  
b e  a c c e p t e d  a s  b e in g  th e  v a l id  o n e s .
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